Introduction
Rehabilitation of patients with scars of the maxillofacial area remains one of the most complex problems of surgical stomatology and maxillofacial surgery. Unfortunately, in recent years, the quantity of such patients has unceasingly increased. This is due to increased aesthetic demands of the society, as well as an increase in the number of cases of keloid scars formation, both after surgical interventions and involuntarily [1, 2] .
The cicatricial tissues of the head and neck disrupt the psychoemotional state, form the feeling of hopelessness, inferiority, insecurity, reduce the spiritual and labor potential of the individual, often leading to the development of intercurrent diseases of psychosomatic origin such as neuroses, angina pectoris, hypertension and sometimes even a complete disability of the patient [3, 4, 5] . In addition, cicatricial skin deformities often lead to limitation of the temporomandibular joint mobility, both due to contractures, and as a result of damage to the tendons, which may also lead to characteristic anatomical changes [6] .
In order to determine the condition of the scar tissue, plastic surgeons, in addition to the visual and tactile examination, use such instrumental research methods as radioisotope clearance, thermography, magnetic resonance imaging, capillaroscopy, and radiological examination [7, 8] .
Several authors distinguish the following causes of the appearance of keloid scars: dysfunction of the endocrine system, general and local immunological disorders, autoantigens, lack of trace elements and ascorbic acid, tissue hypoxia and microcirculation disorders [9] . In some cases, the cause of pathological scar formation cannot be determined [10, 11] . The keloid scar and the nearby skin were studied by electron-radioautographic method. On the basis of this study, it is possible to state that the keloid scar, as well as granulation tissue, consists of a separate microzone. It should be noted that externally unchanged skin, which is located near to keloid scar, is sharply different from the normal skin and the scar by a large number of cellular forms. Until now, there was no universal method for evaluation of all parameters of scar tissue. This fact prompted us to create an optimized approach for the treatment of pathological scars of the head and neck by determining a specific type of scar.
The development of ultrasound technology and the emergence of high-frequency sensors contributed to the introduction of ultrasound examination in dermatology, cosmetology, plastic and reconstructive surgery of the head and neck.
Ultrasound examination of keloid scars is a non-invasive method of investigation, which allows the evaluation of numerous anatomical structures objectively, informatively and safely, and determines the type and depth of the scarring tissue [12] . This method allows us to establish echogenic differences of keloid scars in comparison with intact skin with using of ultrasonic waves. During the analysis of quantitative data, it is possible to estimate the digital values of the echogenicity indices in different areas of keloid scars, as well as to establish divergence of quantities for their quantitative characteristics. The most perspective and current method is the comprehensive approach to the treatment of pathological scars according to the formation of a specific type of scar.
The aim of our study was to optimize and improve the effectiveness of treatment of facial keloid scarring by identifying the type of scarred skin of the head and neck, and using the ultrasound examination.
Materials and methods
The ultrasound method of investigation was performed on 50 patients with keloid scars of the head and neck; the time of scar tissue development ranged from 5 months to 1.5 years. Patients with keloid scars were under our supervision. Their type of scarred-wrapped tissue was confirmed not only clinically but also morphologically.
Clinical study of the general characteristics of the scar was supplemented by an additional analysis of the structural features of the cicarticial tissues by ultrasound examination with the Simens ACUSON CV 70 device (Siemens, Germany) with the frequency of the sensor 20-40 MHz. At the same time, the thickness of keloid scars, the degree of differentiation, echogenicity, the feature of the architectonic layers of the skin, their homogeneity in the damaged area were evaluated. For the purpose of comparison, intact skin of 50 healthy people was used.
Patients under our supervision complained of the cosmetic defect due to the presence of scar in the face and neck. In addition, 32 patients also complained of pain of varying intensity, burning, itching, numbness, and a feeling of "running ants" in the area of scar tissue.
We applied ultrasound differentiation of the layered structure of keloid scars during the examination. We took into account the fact that the echolocation wave (frequency 21-25 Hz) may change the penetration rate depending on the density and elastic qualities of the epidermis tissues of the dermis and subcutaneous fatty tissue.
The change in the frequencies of ultrasonic waves allowed us to determine the rate of their spread, both in the intact skin and in the cicatrial tissues. The difference in the frequency of ultrasound was observed. Acoustic impedance was calculated in different layers of the skin and scarred tissues.
During the research, we used a pulsed ultrasonic wave reference system. We detected the difference between the wave-permeability indices, some of which passed through all layers of the dermis and partially reflected from each of its layers. Calculation of the time index between the beginning of pulse formation and its reflection from certain layers of the skin, the depth of the occurrence of keloid scars were performed.
For the purpose of mathematical substantiation and establishment of quantitative indicators of the echogenicity degree among the zones of ultrasound, we selected the following areas:
T1 -area of intact skin around the scar; Т2 -a part of the medial edge of the scar; T3 -area of the lateral edge of the scar; T4 -the middle area of the scar; L1 -the boundary between the epidermis and the cicatrial tissue; L2 -the border between the cicatrial tissue and the hypodermis;
L3 -the border between the medial edge of the scar and the intact derma; L4 -the border between the lateral edge of the scar and the intact derma.
In order to objectivize the data, we introduced 2 coefficients:
L1 / 2 is an index that shows the nature of change in echogenicity indices in the central and peripheral tissues of the scar in its middle zone; L3 / 4 is an index that shows the nature of change in echogenicity in the medial and distal edges of the rumen.
Statistical data processing was performed using a simple variation series and the Mann Whitney method.
Results and discussion
At the initial stage of the research, we studied the echogenic structure of intact skin. In all cases, from the standpoint of echogenic qualities, the following layers can be distinguished:
-the upper layer, which is clearly limited to surface gel and epidermis, which has a conditionally homogeneous structure with the inclusions of "black particles"; -the middle layer, which is represented by derma limited from the upper boundary of the epidermis tissues, from below the layer of hypodermis; -the lower layer, which is represented by the subcutaneous fatty tissue, which is limited by the mesh layer of the dermis from above. We did not study deeper layers.
Worthy of note is the fact that the top layer consists of two conventionally parallel strips, which are represented in the top with a dark, and light stripes below. The light strip described the echogenic structure of the epidermis and the ultrasound visualized homogeneous structural components throughout the region of the studied skin. This is an essential feature of the structure of the unchanging skin of the epidermis, which should be taken into account when comparing ultrasound scales by photos in similar studies in the epidermal layer of scar tissue.
The peculiarities of the data were regarding the rendering of the dermis layer: in terms of the proliferation of ultrasound waves, in 93% of cases it had a structure with reduced echogenicity. On scans, this layer had a fairly uniform structure, which according to the degree of "darkening" had somewhat higher rates than the upper layer of the epidermis. We have seen clear upper and lower bounds in which the upper limit was visualized by a more dense consistency, which is due to the morphology of dermal-epidermis bonds. The lower layer was visualized more fluffy, which is probably due to the presence of deep membranes that slip (with a fascio-fatty type of slip) with the interstitial of the elements of the fatty lobe of the epidermis [1] (Photo 1).
Photo 1. Ultrasound examination of intact skin. 1. -Superficial layer. 2. Middle layer 3. Deep layer
The lower layer, which is represented by subcutaneous fatty tissue with an upper boundary with a mesh layer of the dermis, had a reduced hyperergic structure in 98 cases. This layer had an inhomogeneous, loose structure in which there were areas with hypoechoic and hyperergic properties, the volume of such sites depended on the localization of the investigated objects:
-in the areas of slip (cheek, parotid, chewing, etc.), cells were found predominantly with hypoechoic properties in the ratio of 58% to 42%; -in areas of fixation (temporal, hollow areas, etc.) mainly areas with hyperergic properties (in 68%) cases were visualized; -in the intermediate zones, there was an almost dynamic correlation of the studied areas with respect to the echogenicity level: 52% were hypoechoic and 48% were hyperechogenic inclusions.
In patients with a keloid type of scar tissue, ultrasound imaging of the epidermis shows a decrease in its thickness by an average of 18-26%. In our opinion, this is due to the reduction of the granular layer with hypoplasia of keratinocytes in the studded layer. In 72% of the studied keloid scars, it was possible to visualize the subepidermal region due to mucoid swelling of collagen fibers and smoothing of dermal papillae.
Significant changes were recorded in ultrasound investigations of intact derma compared with the keloid type of scar tissue. The depth of occurrence had rather varied values and reached the highest values from 4.8 to 13.1 mm. Regarding the echogenicity of this zone, it should be noted that it is uneven in all areas in 62% of cases, we have recorded hypoechoic areas of irregular polygonal form, which in our opinion coincide with (the zones of growth of the keloid) and morphologically correspond to areas with high content of giant fibroblasts.
It is worth noting that during the entire spread of scar tissue, the boundary between them, intact skin and subordinate tissues is not observed, which is a clear differential sign of keloid scar and can be widely used in the creation of an algorithm for the treatment of patients with rubbing tissues.
It should be noted that only in 7% of cases we visualized the boundary with the hypodermis in the peripheral edges of the rumen, indicating the infiltration character of the growth of the keloid and once again proving its similarity to the tumor, this fact may be one of the important diagnostic criteria (Table 1) . Analyzing the digital data, it should be noted that parameters of echogenicity of keloid scars display significant differences in the values, indicating the diversity of their clinical manifestations.
Attention is drawn to the fact that the average value of echogenicity index of intact skin around keloid scars was noted, at least the same as 66.8 (for women -68.9 for men -63.2). This fact indicates a possible "infiltrative" type of cellulose rumen growth, which is confirmed by morphological studies [1] .
As to echogenicity of the scar tissue in the periphery of the rumen, it should be noted that they were significantly lower in size and constituted 53.9 on the medial margin (in women -55.4 in males -49.7), and on the lateral edge -59.1 ( for women -61.9 for men -56.1), respectively.
It should be noted that the smallest echogenicity index was recorded in the middle zone of the rumen and amounted to 49.9 (for women -53.8 for men -44.2), which indicates the largest tissue density of keloid scars.
The most controversial data was obtained in determining the values of echogenicity rates between scar tissue with epidermis and hypodermis: the difference in the rates was the minimum values and amounted to 51.1 (in women -53.8 in men -47.6) and 63.8 (in of women -65.2 for men -59.8), respectively.
It should be noted that the discrepancies in the echogenicity of the tissues on the border between the intact derma and the medial and lateral edges of the keloid scar are obtained. It is important that this discrepancy was observed to be the largest and is 57.1 (for women 61.8, for men 53.2) and 63.4 (for women -65.3, for men -61.1) respectively. Obviously, this discrepancy is due to heterogeneity of connective tissue structures along the periphery, which in our opinion is an important feature in the primary diagnosis of keloid scars, especially in the early stages of their formation.
As to the research of L1 / 2, L3 / 4 indexes, the identity of digital data with their minimum differences (0.81 and 0.89), respectively, proved that the degree of echogenicity was reduced, both in the middle zone and in the peripheral tissues of the keloid scars, which in our opinion is a difference in the ultrasound examination and serves as an important diagnostic criterion.
An adequate approach to the methods of complex treatment of keloid scars of the head and neck skin is possible only taking into account the results of differential diagnosis and the determination of a specific type of scarred hemorrhagic skin (Photo 2). 
Conclusion
In individuals with keloid scars, the actual area of the rumen is characterized by a pronounced thickening of the dermis, as well as unevenness of its thickness and echogenicity with the predominance of areas of reduced echodensity without a clear structural differentiation. Keloid scar is also characterized by the absence of clear boundaries between scar tissue and normal tissues. The digital characteristic of the variational series of echogenicity indicators obtained at certain points of the keloid scar may indicate a correlation between the scar density in different zones, the degree of its echogenicity at these points and its attribution with a certain type of scar. Ultrasound examination of maxillofacial scars is an effective method of non-invasive differential diagnosis of keloid scars, which allows us to evaluate the dynamics of changes in scar tissue.
Ultrasound study of keloid scars, as compared with intact skin, has its own geometric features, which allows us to attribute a scar to a certain group. This study enabled us to optimize and improve the methods of treatment of scarring of the face by means of determining the specific type of scarred-altered skin of the head and neck, using an ultrasound examination method.
The positive effects of the proposed method include its speed, accessibility, easiness in use and high reliability of the results.
A similar approach to the examination of patients with scarring of the maxillofacial area provides the optimal choice of the method of therapy and achieve maximum therapeutic effect.
